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[ABSTRACT] A new ursane-type triterpenoid saponin, 2α,3α,24-trihydroxyurs-12,20(30)-dien-28-oic acid β-D-glucopyranosyl ester (1), 
together with six known triterpenoid saponins, was isolated and characterized from the aerial parts of Clematoclethra scandens subsp. 
actinidioides. 
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Introduction  
Clematoclethra scandens (Franch.) Maxim subsp. acti-
nidioides Y. C. Tang et Q. Y. Xiong (C. scandens), as one of the 
endemic genera in China, is a perennial herb of Actinidiaceae. 
The roots of C. scandens have long been used as traditional 
herbal medicine to treat chronic hepatitis, rheumatic arthritis 
and hernia [1]. Previous investigations on this plant have 
shown that triterpenes and triterpenoid saponins are the main 
components [2-4]. As a part of our ongoing research program to 
isolate and determine bioactive secondary metabolites from 
medicinal endemic plants of southwestern China, we per-
formed a detail phytochemical study on the aerial parts of C. 
scandens collected from Chongqing, southwestern of China. 
As a result, a new ursane-type triterpenoid saponin, together 
with six known triterpenoid saponins (Fig. 1) was isolated and 
characterized. 
Results and Discussion 
Compound 1 was obtained as white powder with the mo-
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lecular formula C36H56O10, which was deduced by 
HR-ESI-MS (m/z 671.377 1 [M + Na]+), indicating 9 degrees 
of unsaturation. The 1H NMR spectrum of 1 indicated four 
methyl singlets at δH 1.05 (3H, s, H-24), 1.07 (3H, s, H-26), 
1.14 (3H, s, H-25), and 1.68 (3H, s, H-27), one methyl dou-
blet at δH 1.04 (3H, d, J = 6.4 Hz, H-29), an olefinic proton at 
δH 5.43 (1H, t, J = 3.3 Hz, H-12), and an exocyclic methylene 
group at δH 4.74 (1H, brs, H-30) and 4.71 (1H, br. s, H-30). 
The 13C NMR spectrum of 1 (Table 1) showed one terminal 
olefinic methylene carbon at δC 105.2, one olefinic methane 
carbon at δC 126.4, and two olefinic quaternary carbons at δC 
138.1 and 153.2, suggesting that 1 possessed an urs-12- 
en-28-oic acid skeleton with a terminal double bond. The 1H, 
13C NMR and HSQC spectra showed the presence of three 
oxygenated carbons [δH 4.44 (1H, m, H-2), δC 66.2 (C-2); δH 
4.59 (1H, d, J = 1.8 Hz, H-3), δC 74.2 (C-3); δH 3.82, 4.11 
(each 1H, d, J = 10.8 Hz, H-24), δC 65.2 (C-24)] and a 
β-glucosyl moiety [δH 6.25 (1H, d, J=8.2 Hz, H-1′); δC 95.8 
(C-1′), 74.2 (C-2′), 79.2 (C-3′), 71.2 (C-4′), 78.8 (C-5′), 62.4 
(C-6′)]. The HMBC correlation of H-1′ (δH 6.25) to C-28 (δC 
175.6) indicated that the sugar moiety was located at C-28. 
This suggested that 1 was trihydroxylurs-12-en-28-oic acid 
β-glucopyranosyl ester. Acidic hydrolysis of 1 gave D-glucose, 
which was confirmed by high-performance thin-layer chro-
matography (HPTLC) and optical rotation value comparison 
with the authentic sample. Moreover, a typical H-3eq proton at 
δ 4.59 (1H, d, J = 1.8 Hz, H-3) in the 1H NMR spectrum re-
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vealed the presence of a α-O-function at the C-3 position. The 
NMR spectra of the aglycone of 1 were very similar to that of 
2α,3α,24-trihydroxyurs-12,20(30)-dien-28- oic acid [5]. Based on 





Fig. 1  Structures of compounds 1−7 
Table 1  13C NMR data of compounds 1−7 (150 MHz)  
No. 1a 2 a 3 a 4 a 5 a 6 a 7 b 
1  43.3  48.0  48.0  47.9  42.1  42.2  47.9 
2  66.2  68.9  68.9  68.7  66.3  66.3  68.9 
3  74.2  78.2  78.2  85.8  74.3  79.0  78.3 
4  45.2  43.6  43.6  44.0  43.2  42.1  43.6 
5  49.5  48.1  48.1  56.6  49.6  43.5  48.0 
6  18.9  18.5  18.5  19.5  19.1  18.5  18.7 
7  34.0  33.1  33.2  33.8  34.0  33.2  33.2 
8  40.4  40.2  40.2  40.6  40.8  40.7  40.7 
9  48.1  47.9  47.9  48.0  47.9  47.8  48.0 
10  38.5  38.9  38.3  38.3  38.6  37.7  38.4 
11  23.9  23.6  23.7  24.2  24.4  24.2  24.2 
12 126.4 126.4 126.1 128.3 128.4 128.4 128.4 
13 138.1 138.1 138.5 139.3 139.3 139.3 139.3 
14  42.5  42.6  42.6  42.1  45.2  41.9  42.2 
15  28.5  28.6  28.6  29.2  29.2  29.2  29.2 
16  24.6  24.6  24.6  26.1  26.1  26.1  26.1 
17  48.3  48.5  48.4  48.6  48.6  48.6  48.6 
18  55.3  55.4  53.3  54.4  54.4  54.4  54.4 
19  37.5  38.3  39.3  72.7  72.7  72.7  72.6 
20  153.2 153.2  39.1  42.1  42.1  42.8  42.2 
21  32.4  32.4  30.8  26.7  26.7  27.0  26.7 
22  38.9  37.5  36.8  37.7  37.7  38.4  37.0 
23  23.5  66.5  66.5  24.4  23.8  71.3  66.6 
24  65.2  14.4  14.3  65.7  65.2  17.1  14.3 
25  17.3  17.6  17.6  17.4  17.2  17.7  17.5 
26  17.6  17.7  17.8  17.3  17.4  17.5  17.5 
27  23.8  23.8  23.8  24.5  24.5  24.6  24.5 
28 175.6 175.6 176.2 176.9 177.0 177.0 177.0 
29  16.4  16.4  17.3  27.0  27.0  26.7  27.0 
30 105.2 105.2 21.2  16.7  16.7  16.7  16.7 
1′  95.8  95.8  95.7  95.8  95.8  95.8  95.8 
2′  74.2  74.0  74.1  74.1  74.1  74.1  74.1 
3′  79.2  78.8  78.9  79.0  79.0  79.0  79.2 
4′  71.2  71.2  71.2  71.3  71.3  71.3  71.2 
5′  78.8  79.2  79.2  79.3  79.2  79.3  79.0 
6′  62.4  62.4  62.3  62.4  62.4  62.4  62.3 
a: in C5D5N; b: in CD3OD 
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The known compounds 2−7 were purified as white pow-
ders and characterized as 2α,3β,23-trihydroxyurs-12,20 
(30)-dien-28-oic acid β-D-glucopyranosyl ester (2) [6], 2α,3β, 
23-trihydroxyurs-12-en-28-oic acid β-D-glucopyranosyl ester (3) 
[7], 2α,3β,19α,24-tetrahydroxyurs-12-en-28-oic acid β-D-glucopy- 
ranosyl ester (4) [8], 2α,3α,19α,24-tetrahydroxyurs-12-en-28- 
oic acid β-D-glucopyranosyl ester (5) [9], niga-ichigoside F2 (6) 
[9], and niga-ichigoside F1 (7) [9], by comparison of their 1H 
and 13C NMR data with those reported, respectively. Com-
pounds 2−6 were isolated from this plant for the first time. 
Experimental  
General procedures  
The ultraviolet absorption spectra were recorded using 
a Perkin-Elmer Lambda 35, whereas the infrared spectra 
were obtained with a Nicolet MX-1 spectrometer. The 
optical rotations were measured with a PE-241 polarimeter. 
The NMR spectra were measured on a Bruker AM-600 
instrument with TMS as the internal standard. The 
HR-ESI-MS were performed on MicrO TOF-Q II mass 
spectrometer (Bruker, Germany). while the ESI- MS were 
carried out on Finnigen LCQDECA mass spectrometer. The 
column chromatography was carried out on silica gel 
(160−200 mesh, Qingdao Marine Chemical Co., Qingdao, 
China), and TLC was performed on precoated plates 
(GF254, Qingdao Marine Chemical Co.). 
 
Fig. 2  Key HMBC correlations of compound 1      
 
Plant materials 
The plant was collected from Jinfoshan in Chongqing 
City, China, in July 2010, and identified as C. scandens by 
Prof. YI Si-Rong. A voucher specimen (No. 20100701) was 
deposited with the Herbarium of Chengdu Institute of Biology, 
Chinese Academy of Sciences, Chengdu, China. 
Extraction and isolation 
Dried and powdered of C. scandens (12 kg) were ex-
tracted with MeOH at r.t. to give an extract (740 g), which 
was suspended in H2O and extracted with petroleum ether, 
AcOEt, and n-BuOH successively. The AcOEt extract 
(170 g) was subjected to CC over SiO2 gel (100 mm × 800 
mm, petroleum ether−AcOEt−MeOH 10:1: 0→0: 1: 1). In 
total, five fractions (Fr. 1−5) were obtained, based on the 
TLC analysis. Fr. 5 (33 g) was further separated by CC 
(SiO2 (80 mm × 600 mm), chloroform−methanol 10 : 
1→1 : 1) to give five subfractions (Fr. 5.1−2). Fr. 5.2 was 
then purified by Rp-HPLC (MeOH−H2O 80 : 20, flow rate 
12 mL·min−1) to afford Compounds 2 (34 mg, tR 23.1 min) 
and 3 (15 mg, tR 25.2 min). Compound 1 (5 mg, tR 14.5 
min) was obtained from Fr. 5.3 by Rp-HPLC (MeOH−H2O 
80 : 20, flow rate 15 mL·min−1). Fr. 5.4 (1 g) was further 
separated by CC (SiO2 (46 mm × 300 mm), chloro-
form−methanol 5 : 1) to give five subfractions (Fr. 
5.4.1−5). Compound 7 (45 mg) precipitated from Fr. 5.4.2. 
Compounds 4 (4 mg, tR 17.3 min), 5 (10 mg, tR 19.8 min), 
and 6 (18 mg, tR 22.2 min) were obtained from Fr. 5.4.3 by 
Rp-HPLC (MeOH−H2O 70 : 30, flow rate 15 mL·min−1). 
Acidic hydrolysis of compound 1 
10% H2SO4 (3 mL) was added into a MeOH (2 mL) so-
lution of Compound 1 (4 mg), and the mixture was refluxed at 
100 °C for 2 h. The reaction solution was then cooled and 
extracted with EtOAc (5 mL × 3). The aqueous layer was 
neutralized with Ba(OH)2, filtered, and evaporated under 
reduced pressure to dryness. The residue was determined to 
be D-glucose by comparing with authentic sample on HPTLC 
(CHCl3−MeOH−H2O−CH3COOH, 16 : 9 : 2 : 2, V/V/V/V, Rf = 
0.45) and by its optical rotation of [α] 20D +72.5° (c 0.10, H2O). 
Identification 
2α,3α,24-Trihydroxyurs-12,20(30)-dien-28-oic acid 
β-D- glucopyranosyl ester (1): White amorphous powder, 
ESI-MS m/z 671 [M + Na]+; HR-ESI-MS m/z 671.377 1 
[M + Na]+, Calcd. for C36H56O10Na+, 671.376 6; [α] 20D  
+48° (c 0.01, CH3OH); IR (KBr): 3 420, 2 926, 1 752, 1 
634, 1 428, 1 193, 1 075, 1 041, 877, 702, 569 cm−1; 1H 
NMR (600 MHz, C5D5N) δ: 4.44 (1H, m, H-2), 4.59 (1H, 
d, J = 1.8 Hz, H-3), 5.43 (1H, t, J = 3.3 Hz, H-12 ), 4.71, 
4.74 (each 1H, br. s, H-30), 2.64 (1H, d, J = 11.9 Hz, 
H-18), 3.82, 4.11 (each 1H, d, J = 10.8 Hz, H-24), 1.67 
(3H, s, 23-CH3), 1.05 (3H, s, 25-CH3), 1.14 (3H, s, 
26-CH3), 1.07 (3H, s, 27-CH3), 1.04 (1H, d, J = 6.4 Hz, 
29-CH3), 6.25 (1H, d, J = 8.2 Hz, H-1′), 4.17 (1H, t, J = 
8.8 Hz, H-2′), 4.27 (1H, t, J = 8.8 Hz, H-3′), 4.32 (1H, t, J 
= 8.8 Hz, H-4′), 4.01 (1H, m, H-5′), 4.38 (1H, dd, J = 11.8, 
4.2 Hz, H-6′), 4.45 (1H, m, H-6′); 13C NMR (Table 1).  
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